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Residual stressThe use of cemented tungsten carbide inserts in hardmachining requires proper coatings and edgemicro-geom-
etries. A suitable choice of these factors enables the reduction of cutting forces, the increase of tool life and the
improvement ofworkpiece surface quality. However, the effects of the edgepreparationmethod and coating pro-
cess on the substrate properties inﬂuence the performance of the insert during cutting. In this context, the inﬂu-
ence of two different edge preparation methods (plunge-face grinding and brushing) on the performance of
TiAlN-coated cemented tungsten carbide inserts during hard turning is investigated. In general, higher values
of surface roughness (Rz ≅ 0.3 μm) and edge chipping (Rk ≅ 4.5 μm)were observed for brushed inserts in com-
parison to the ground tools (Rz ≅ 0.2 μm, Rk ≅ 3.7 μm). Moreover, higher compressive residual stresses are in-
duced by brushing in comparison to grinding (≅500 MPa against ≅ 400 MPa). In turning tests, cutting forces
for the ground inserts are approximately 10% higher than for the brushed inserts. However, higher wear values
are better related to lower compressive residual stresses in the substrate than to higher cutting forces.gineering and Machine Tools,
3 Garbsen, Germany. Tel.: +49
enkena),
w.uni-hannover.de
ifw.uni-hannover.de,© 2014 Elsevier B.V. All rights reserved.1. Introduction
The use of cemented tungsten carbide tools in hard machining has
become possible not only due to the development of new coatingmate-
rials and deposition technologies, but also due to the application of
proper edge micro-geometries. The combination of these two factors
enables the reduction of cutting forces, the increase of tool life and the
improvement of workpiece surface quality.
In hard turning, ductile ultraﬁne grain cemented tungsten carbide
inserts are often applied with an edge radius of approximately 20 μm
and a TiAlN coating [1]. TiAlN-based hard coatings deposited by physical
vapor deposition (PVD) provide surfaces with low friction coefﬁcient
and high wear resistance [2]. In addition to that, these coatings have
high oxidation resistance which allows their use at high temperatures
[3].
With regard to the damage of coatings in cutting tools, two tool
failure modes must be considered: ﬂaking of the coating material as
the result of adhesion problems (adhesive damage) and ﬂaking of the
coating material with adhering substrate material (cohesive damage)[4]. Bothmodes are closely related to the surface and subsurface proper-
ties of the substrate, which are generated by previous processes.
Bouzakis et al. [5] applied micro-blasting to cemented tungsten
carbide inserts and observed that Co is removed from the surface to
be coated. Moreover, high roughness peaks are reduced due to the re-
moval of carbide grains and numerous new smaller peaks are revealed,
thus contributing to the enhancement of substrate–coating adhesion.
The increased coating adhesion occurs due to the better mechanical
binding of the deposited coating on the substrate surface through
small roughness peaks. Knotek et al. [6] state that coating adhesion in-
creases with improved surface quality and surfaces with low roughness
values offer more favorable growth conditions for hard PVD ﬁlms, in-
creasing micro-hardness and coating rate (speed of growth of the coat-
ing thickness during the PVD process). More recently, Bouzakis et al. [7]
veriﬁed that not only the substrate surface topography affects coating
adhesion, but also the WC grain size. According to the authors, if the
micro-roughness Rt exceeds the WC grain radius, the carbides embed-
ment in the Co-binder is impaired and an adhesive coating failure
during cutting is expected to occur. Therefore, they concluded that
micro-blasting followed by lapping results in cemented tungsten
carbide inserts with superior adhesion properties in comparison with
ground tools, since Co is removed (by micro-blasting) and the WC
grains are better embedded in the Co-binder, due to the lower micro-
roughness (generated by lapping).
Appropriate substrate pre-treatments are also recommended in
order to induce compressive residual stresses into the cemented tung-
sten carbide structure. Increased compressive residual stresses result
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compressive stress near the surface of the substrate is reduced by PVD
coating, which itself presents very intense compressive stress. Conse-
quently, a tensile stress is found in the lower subsurface in order to
equilibrate the surface near compressive stress. With an additional ex-
ternal tensile load, as it can occur when the tool is in use, the tensile
stress in the lower subsurfacewill increase. This can lead to tool damage
within this zone. Therefore, sufﬁciently high compressive residual stress
in the substrate subsurface after PVD-coating becomes necessary to pre-
vent cohesive damage. In general, cohesive damage occurs immediately
after starting the process and thus has great inﬂuence on process
reliability [10].
However, processes to induce compressive residual stresses in the
substrate subsurface, such as shot-peening or micro-blasting can bring
side effects. The impact of abrasive particles can lead to an increased
edge chipping or can remove carbides from the cutting edge region
[11,12]. Therefore, further cutting edge preparation is necessary to
avoid the irregularities at the edge and to increase tool life. This addi-
tional process changes the surface and subsurface properties close to
the edge, inﬂuencing the adhesion and cohesion properties of the coat-
ing. Two main alternatives to prepare cutting edges are plunge-face
grinding and brushing.
Plunge-face grinding (Fig. 1) is usually applied to more complex
geometries, chamfering and removing of large material volumes
from the cutting edges of inserts [9]. Grinding of brittle materials is
dominated by the formation of micro-cracks and the resulting breaking
out of fragments. With the penetration of the abrasive grain in the
material, radial and lateral cracks are formed [13].
Compared with force controlled processes, the feed controlled
plunge-face grinding offers the advantage of preparing the micro-
geometry independent of the grinding conditions. This means that
the operating conditions do not inﬂuence the size of the edge radius,
only the edge quality. Thereby the process is ﬂexible and allows the use
of optimal process parameters to improve the quality of the cutting
edge.
Plunge-face grinding enables the production of both the ﬂank face
and the cutting edge in one insert clamping. The movements of theFig. 1. Plunge-face grinding for preparing insert cutting edge and scheme of material
removal mechanism in grinding.machine axes lead to the production of chamfers in the complete perim-
eter of the insert. However, as a consequence of kinematic limitations of
the grinding machine, a smooth edge rounding at the corner radius is
not possible and rotary tools cannot be prepared [14]. To grind custom-
ized rounded edges in cutting inserts, a new method proposed the
discretization of the edge rounding by several chamfers. With this
method, edge radii of rβ N 30 μm could be successfully produced in
cemented tungsten carbide inserts [15].
In brushing (Fig. 2), rounded cutting edges with radii of rβ N 20 μm
are produced by rotating abrasive brushes covered with aluminum
oxide, diamond or silicon carbide [16]. The ﬁlaments of the tool, in
which the abrasive material is bonded, are made of nylon. The size of
the edge rounding can be adjusted by the suitable selection of the
brushing parameters, such as rotation speed n, depth of engagement
az, engagement angle α and feed rate vf [17]. For instance, a decrease
in feed rate, with the consequent elevation of cutting time, has a declin-
ing inﬂuence on the edge rounding. In contrast, higher depths of
engagement as well as higher cutting speeds lead to a linear increase
of edge radius [9]. Variations in the contact conditions between brush
and workpiece and of the engagement angle change the geometry of
the rounding. A variation of asymmetry is limited by kinematics and
critical process time. A certain critical time must not be exceeded,
owing to the fact that an increase in temperature of the ﬁlaments may
reduce the efﬁciency of the brush [18].
The ability to prepare rotating tools and inserts can be considered an
important advantage of brushing [19], nevertheless, a major disadvan-
tage of this process is the lack of knowledge on the brush wear, thus
making it more difﬁcult to achieve close tolerances [16].
From the literature review, it can be concluded that edge prepara-
tion processes change surface and subsurface properties close to the
edge, inﬂuencing adhesion and cohesion properties of the coating. Con-
sidering this, the inﬂuence of two different edge preparation methods
on the performance of coated cemented tungsten carbide cutting tools
in hard turning will be investigated in the present work. For this
purpose, cutting edges of cemented tungsten carbide inserts will beFig. 2. Brushing process for preparing insert cutting edge and detail of the tool ﬁlament.
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PVD-TiAlN before performing hard turning tests.
The results are organized as follows: initially, the characterization of
micro-geometries obtained by plunge-face grinding and brushing is
given. The ﬁndings concerned with the quality of the cutting edges
produced (surface roughness, edge chipping and adhesion) are shown
afterwards, followed by the residual stress results. Finally, the cutting
tests results (tool wear, cutting forces andmachined surface roughness)
are presented.
2. Material and methods
The ﬂank faces of ultraﬁnegrain (b1 μm)cemented tungsten carbide
inserts ISO grade K10-20 with geometry SNGN120408 are subjected to
grinding in aWendtWAC 715 Centro ﬁve-axis grindingmachinewith a
maximum rotation of the grinding wheel of 1625 min−1 and a maxi-
mum spindle power of 3 kW. A diamond grinding wheel with grain
size D46 and resinoid bonding is used together with the following
parameters: axial feed rate vfa = 6 mm/min, axial dressing feed rate
vfad = 3 μm/s and cutting speed vc = 20 m/s. In order to avoid wheel
clogging and proﬁle wear, the grindingwheel is dressedwith a dressing
roll Al2O3 220 mesh during 5 s before grinding each insert.
As demonstrated in Fig. 3, themicro-geometries are characterized by
the cutting edge section at the rake face Sγ and the cutting edge section
at the ﬂank face Sα. The form factor Κ= Sγ / Sα deﬁnes the tendency of
the cutting edge to the rake (Κ N 1) or to the ﬂank face (Κ b 1). In case of
a symmetric rounding (Κ=1), the edge radius rβwill be used instead of
Sγ and Sα.
Two different micro-geometries (symmetric rounding, Κ = 1.0,
with rβ= 30 μm and asymmetric rounding, Κ= 2.0, with Sγ= 60 μm
and Sα=30 μm)are prepared by plunge-face grinding and by brushing.
In the ﬁrst case (Fig. 3a), the same grinding conditions and machine
used to grind the ﬂank faces are applied and the method developed in
[15] is used to produce the micro-geometries, with the edge roundings
discretized by several chamfers. In the second case (Fig. 3b), a SiC
240 mesh brush is used and the insert travel is controlled by an indus-
trial robot Kuka KR16. The proper strategy employed to achieve aFig. 3. (a) Discretized cutting edges prepared by plunge-face grismooth rounding of the cutting edge in the insert corner region is
developed in [20]. Brushing parameters were varied until the right
micro-geometry could be achieved. For the symmetric rounding (Κ=
1.0) a feed rate vf = 0.10 m/s, a rotational speed n = 1500 min−1, a
depth of engagement az = 1 mm and an engagement angle α = 0°
are ﬁxed. For producing the asymmetric rounding (Κ= 2.0), a reduced
feed rate vf = 0.05 m/s, the same rotational speed n = 1500 min−1, a
smaller depth of engagement az = 0.695 mm and a negative engage-
ment angle α=−3° are applied.
The inserts are then commercially coated with TiAlN (single layer,
50% Ti, 50% Al, thickness ≅ 4.5 μm and hardness ≅ 2500 HV0.1) by the
cathodic arc-evaporation PVD process and applied to hard turning.
Since the coating is a commercial process, no details related to pre-
treatment of the substrates in the deposition apparatus, bias voltage
or other information can be given. However, it is assured that all the
coated inserts went through the same procedure and therefore the
coating composition and structure do not inﬂuence the comparison of
the results regarding the cutting performance. The hardness value was
obtained from the coatingmanufacturer and agreeswellwith the values
provided after measuring.
Turning tests are conducted in a Gildemeister MD10S CNC lathe,
which has a maximum rotational speed of 10,000 min−1 and a
maximum power of 50 kW. Bars of 16MnCrS5 steel with a 60 ± 2
HRC hardness, 60 mm diameter and 200 mm length are turned
with constant cutting speed vc = 100 m/min, feed rate f = 0.05 mm
and depth of cut ap = 0.1 mm.
Maximum tool ﬂankwear ismonitored through a digitalmicroscope
Keyence VHX-600. Wear is measured after each cut, i.e., after turning
200 mm (length cut). The tool life tests are carried out up to a length
of 1000 mm (ﬁve cuts). In order to investigate the inﬂuence of the
micro-geometry on process and workpiece quality without considering
tool wear, cutting forces and roughness are measured after 200 mm.
Cutting, feed and passive forces are measured by a Kistler 9129AA
three component dynamometer connected to a Kistler 5015 charge
ampliﬁer. An acquisition rate of 2500 Hz and a low pass band ﬁlter
with a cutting frequency of 1000 Hz are applied. The roughness param-
eter Rz (maximum height of the proﬁle) is measured on three differentnding and (b) continuous roundings obtained by brushing.
Fig. 4. Procedure for investigating the inﬂuence of different edge preparation methods on
the performance of coated cemented tungsten carbide cutting tools.
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Hommel-Etamic W5 set to a cut off of 0.8 mm. All tests were repeated
twice in order to ensure the reliability of the results.
Before and after coating, the inserts are characterized by measure-
ment of the edge proﬁle (Sγ, Sα and rβ), edge chipping (Rk), ﬂank face
roughness (Rz) and surface residual stresses parallel to grinding direc-
tion (σ∥). A Mahr Perthometer is used for obtaining the proﬁle of the
prepared micro-geometries. The characteristic geometric values,
according to [15], have been determined by the proﬁle plots. The edge
chipping Rk has been quantiﬁed by the optical 3Dmeasurement device
GFM Mikrocad. In order to measure Rk, the image analyzer determines
the line of the highest points along an acquired proﬁle,ﬁlters the obtain-
ed formwith a cut off = 0.1 × proﬁle length and calculates the distance
between the highest point of the ﬁltered proﬁle and the base line (at
zero level) obtained after ﬁltering the signal. Fourmeasurements per in-
sert are performed in the central region of the insert corner. Roughness
values (Rz) are measured on the ﬂank faces near the prepared cutting
edges. Five proﬁles are acquired in two different insert faces. Surface
residual stresses are also measured on the insert ﬂank faces near the
prepared cutting edges. Three measurements per insert in grinding di-
rection are performed using a GE XRD 3000 P X-ray diffractometer.
The sin2Ψ-method is applied for obtaining the stresses on the substrate
subsurface [21], while the scattering vector method developed by
Genzel [22–24], which provides depth resolved information, is applied
to measure the residual stresses in the TiAlN coating, since strong
residual stress gradients occur [25]. Residual stress gradients in TiAlN
coatings occur because of a latticemodiﬁcation in the substratematerial
at the beginning of the deposition process.With the growth of the layer,
other coating residual stresses arise. The residual stresses can result
from coating growth, due to chemical reactions, transformations or en-
ergetic particle bombardment; from temperature changes and differ-
ence on the coefﬁcient of thermal expansion of coating and substrate
materials; fromexternal stress due to formation of the coating/substrate
systems [26].
Since the measurement of the residual stresses in the coating
requires a complex measurement-technology and is very time-
consuming, only one depth-resolved measurement for each condi-
tion was carried out.
Regarding themeasurement of residual stresses in the substrate and
in the coating, XRD lines and elastic constants for the recalculation of the
measured lattice deformation are given in Table 1.
In order to verify the adhesion of the coating to the differently pre-
pared substrates, adhesion tests were carried out on the insert ﬂank
faces according to the standard VDI3198. A constant force of 1.471 kN
was applied on the insert by a conical indenter with an angle of 120°
and a tip radius of 0.2 mm. A hardness tester Otto Wolpert Dia Testor
2Rc was used.
The penetration of the brushing tool covers the complete ﬂank face
in both cases: Κ= 1 and Κ= 2. However, due to the deformation of
the ﬁlaments it can be considered that a region of the ﬂank face distant
approximately 3 mm from the edge is inﬂuenced by the process. In
accordance with [27], the distance from the center of the indentation
to the edge of the specimen must be at least 2.5 times the diameter of
the indent. As the diameter of the indent is of 0.4 mm, this minimum
distance corresponds to 1 mm and was respected by positioning the
insert.
A schema of the adopted procedure is shown in Fig. 4.Table 1
Applied parameters for the measurement of residual stresses.
Substrate (WC) Coating (TiAlN)
XRD lines Peak 112 Peak 200
Elasticity modulus, E [GPa] 624 445
Poisson ratio, ν 0.16 0.19
Unstressed lattice plane distance, d [10−10 m] 1.0150 2.12003. Results
3.1. Micro-geometry
The principal micro-geometry parameters measured before and
after insert coating are shown in Fig. 5: edge radius (rβ, for the symmet-
ric rounding), cutting edge section at the ﬂank face (Sα) and cutting
edge section at the rake face (Sγ). Similar micro-geometries were ob-
tained using both processes, despite the larger Sα for the ground
micro-geometry with form factor Κ= 1. This deviation can be attribut-
ed to the small dimension of the ﬁrst chamferwidth (b1=8 μm),which
is difﬁcult to be controlled because of elastic deformations during
grinding of the micro-geometry in the corner radius region. Moreover,
a small variation of the chamfer angle (γ1 = 75°) alters Sα signiﬁcantly,
since Sα= b1 × tan γ1.
After coating, an increase in the edge radius rβ is noted for the
brushed and ground micro-geometries. However, smaller radii were
measured for the brushed inserts, thus indicating that the coating was
non-uniformly deposited. Except for that, negligible differences with
regard to Sα and Sγ are observed between the inserts before and after
coating.
Selected samples of micro-geometry proﬁles from brushed and
ground inserts after coating can be seen in Fig. 6. Except for the slightly
blunter micro-geometries observed in the ground symmetric (Κ= 1)
and asymmetric roundings (Κ= 2) in comparison with the brushed
ones (which explains the larger edge radius), appreciable differences
are not identiﬁed.
3.2. Surface roughness, edge chipping and adhesion
Since the surface roughness of the insert is measured in the ﬂank
face near the cutting edge and edge preparation by grinding does not af-
fect the ﬂank face, Rz is analyzed for only one ground insert with Κ=1.
A comparison of the maximum edge chipping value Rk (Fig. 7, left) and
of the surface roughness Rz (Fig. 7, right) obtained in inserts prepared
by grinding and brushing must consider the removal mechanisms of
each process. In grinding, material is removed by the penetration of
the abrasive grain, generating grooves on the chamfer and ﬂank
surfaces. Though cracks are formed during this process, a uniform
cutting takes place. In brushing, the material removal occurs by impact
of abrasive particles on edge, ﬂank and rake faces and a more irregular
cutting pattern is veriﬁed. Thus, higher values of Rk and Rz are expected
after brushing.
Fig. 5. Principal micro-geometry parameters measured before and after coating.
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the same level for both ground and brushed micro-geometries. This
means that surface and edge irregularities cannot affect the comparison
of performance of the prepared inserts during cutting.
Due to the fact that the roughness and edge chipping values obtain-
ed are larger than the tungsten carbide grain size, a worse surface and
edge quality generated by brushing can harm adhesion, which can be
conﬁrmed by the adhesion test results presented in Fig. 8. Adhesion
tests were carried out in the ﬂank face and therefore only one ground
insert with Κ= 1 was analyzed.
The extended delamination at the vicinity of the imprint (for the
insert brushed with Κ= 2) indicates a poor interfacial adhesion. Fur-
thermore, radial cracks and slight delamination (for the insert brushed
with Κ= 1) indicate a strongly adherent but also brittle coating [28].
The ground insert does not show signiﬁcative failure of the coating,
conﬁrming the effect of the roughness on adhesion. In rough surfaces
the total contact area is larger than in smooth ones and the coatingma-
terial can be better deposited on the substrate. However, in these cases,
small particles (e.g. oxides) also adhere to the surface and counteract aFig. 6. Comparison of the ground and brushed micro-geometry proﬁles after coating.good adhesion. Additionally, according to Bouzakis et al. [5], small
roughness peaks contribute to the enhancement of substrate–coating
adhesion due to the better mechanical binding of the deposited coating
on the substrate.
Despite the distinct removal mechanisms between grinding and
brushing and the different parameters used for brushing dissimilar
micro-geometries, the weight percentage of Co at the edge, measured
by EDX (energy dispersive X-ray analysis) in a scanning electronmicro-
scope Zeiss EVO 60 (maximum measurement error of 1%), does not
present any substantial difference among all situations (4.42% for the
ground insert, 3.35% for the brushed insert with symmetric rounding
and 4.45% for the brushed insert with asymmetric rounding) and, there-
fore, it does not play any role in the edge preparation processes.
3.3. Residual stresses
Since the preparation of different micro-geometries by grinding
does not inﬂuence the ﬂank face properties, only one ground insert
(with Κ= 1) is considered in the following analysis. Fig. 9 shows the
depth-resolved residual stresses in the TiAlN-coating and the residual
stresses on the cemented tungsten carbide substrate for the different
preparation methods before and after coating.
Considering the kinematics of brushing, tungsten carbide grains and
cobalt are pulled from the insert with the movement of the brush ﬁla-
ments. The generated tensile stresses during material removal deform
the substrate material, which tends to spring back to keep its equilibri-
um. In order to compensate these tensile load stresses, compressive re-
sidual stresses are formed on the substrate subsurface. When grinding,
a combination of compressive and tensile stresses takes place:
compressive stresses due to grain penetration and tensile stresses due
to high temperature gradients caused by the use of coolants [29]. The
results shown in Fig. 9 for the substrate before coating indicate com-
pressive stresses in all cases, with highest intensity after brushing. A
higher compressive residual stress after brushing the micro-geometry
with form factor Κ= 1 is related to the higher feed rate used.
It is known that the PVD-coating process induces compressive resid-
ual stresses in the coating, as it can be observed in the upper part of
Fig. 9. Such behavior of the depth-resolved curves should be determined
by the coating manufacturer through the variation of the parameters
during the coating process. The aim is to avoid that the difference
between residual stresses in the coating and in the substrate at the in-
terface becomes too big and that adhesion problems result. Similar
curves for all inserts were expected, but it is noted that for brushed
Fig. 7.Maximum edge chipping Rk and surface roughness Rz for ground and brushed inserts before and after coating.
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values of the form factor, i.e., while for K=1 the residual stress remains
relatively stable as the depth of penetration is increased, for K = 2 the
intensity of the compressive residual stress increases with the penetra-
tion depth. The depth-resolved curve of the ground insert presents in-
termediary values. These differences can be attributed to a possible
inﬂuence of the substrates at their initial conditions on the characteris-
tics of the coating. Since the compressive residual stresses in the coating
are much higher than in the substrate, this possibility was not consid-
ered and will be subject of further investigations.
Aiming at compensating compressive residual stresses in the coat-
ing, a reduction of the compressive stresses in the substrate occurs.
But this is only veriﬁed for the brushed inserts. Moreover, the reduction
of the compressive stress after coating for the insert brushed with a
form factor Κ= 1 is higher than for the insert with Κ= 2, though the
compressive stresses of the coating in the ﬁrst case are lower. Reasons
for the diverse variations of the residual stresses after different treat-
ments of the substrate are not completely understood. From these ﬁnd-
ings, it can be observed that the variations are not linear and not only
dependent on the substrate initial condition.
Big differences between residual stresses in the coating and in the
substrate (both near the interface, since measurement of the residual
stress direct at the interface between coating and substrate is not possi-
ble because of roughness peaks on the substrate surface) can lead to
poor adhesion as a result of a strong latticemismatch during the growth
of the layer. In this context, an additional external load can cause adhe-
sive damage.
Accordingly, residual stress measurements can also help in
explaining the behavior of the coated inserts during adhesion tests.Fig. 8. Adhesion tests on the ﬂank facFrom Fig. 9 it can be seen that the difference between the residual
stress in the coating and in the substrate near the interface is the
highest (≅3400 MPa) for the brushed insert with Κ= 2, which pre-
sented the worst result in the adhesion test (Fig. 8). Otherwise, a dif-
ference of ≅1650 MPa is observed for the brushed insert with Κ= 1
and of ≅2120 MPa for the ground insert.
3.4. Cutting tests
After characterizing the inserts, an investigation on their perfor-
mance when hard turning is carried out. Fig. 10 shows the forces and
roughness values obtained during the turning process. As expected
from hard turning, the passive force is the highest, followed by the cut-
ting and feed forces.
Higher forces can be observed for cutting inserts with form factor
Κ=1 in comparison with themicro-geometry with Κ=2. The larger
material deformation for this last micro-geometry (when consider-
ing the more negative effective rake angle and the chip thickness h,
according to Fig. 11) can have led to an increase of the temperature,
facilitating the cut. Furthermore, considering the stagnation area,
a stronger plowing effect during cutting with the micro-geometry
Κ= 1 can have caused higher forces.
Slightly lower forces are measured when the brushed inserts are
used as a result of their higher sharpness in comparison to the ground
inserts, as shown in Fig. 6.
The same tendency observed for the turning forces is followedby the
machined surface roughness. Higher values of surface roughness are
generated by the micro-geometries with form factor Κ= 1. A blunter
edge and consequently a larger stagnation area and a stronger plowinge of ground and brushed inserts.
Fig. 9. Residual stresses in the TiAlN-coating and in the inserts prepared by brushing and
grinding before and after coating.
Fig. 11. Sketch of the stagnation areas for both tested micro-geometries.
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noted between ground and brushed inserts for this form factor, a
higher variation of the value is observed for the brushed insert due
to the increased wear rate. Furthermore, no signiﬁcant variation be-
tween the roughness values generated by the inserts with Κ= 2 is
observed. That means that the shape of the micro-geometry and the
preparation process before coating do not have any inﬂuence on the
machined surface quality.
Comparing Figs. 10 and 12, it can be concluded that there is no
straightforward relationship between the cutting forces and tool wear
results. The highest value of ﬂank wear land is obtained with the
brushed micro-geometry and form factor Κ= 1. On the other hand,
the groundmicro-geometry with Κ=1 and the brushedmicro-geome-
try with form factor Κ= 2 lead to the lowest wear values (Fig. 12).
According to the pictures in Fig. 12, all inserts exhibit a predom-
inant abrasive ﬂank wear after damage of the coating. Crater wear
is only observed in the brushed insert with Κ = 1 and notch wear
is present in both ground and brushed inserts with Κ = 2 and is
attributed to the edge geometry, which inﬂuences the chip ﬂow
direction.Fig. 10. Process forces and surface roughness in hard turning with bConsidering both ground inserts, a straight comparison of themicro-
geometry can be carried out, since the properties of the inserts are the
same. Despite the lower forces, it is observed that the insert ground
with a form factor Κ= 2 achieved higher wear values because of the
smaller supporting effect (or higher sharpness) of this micro-geometry
in comparison with the insert with a form factor Κ= 1. The same ten-
dency was expected for the brushed inserts, but higher wear values
were obtained for the insert with Κ= 1 in comparison with Κ= 2. Al-
though the brushed insert with Κ= 2 presented a worse adhesion be-
havior in comparison to the brushed insert with Κ = 1 (Fig. 8), a
combination of higher forces during turning and lower compressive
stresses in the substrate after coating may have led to larger ﬂank and
crater wear. Higher compressive residual stress in the substrate after
coating can also be a reason to explain the lower ﬂank wear values ob-
tained by applying the ground insert with Κ= 1 in comparison to the
brushed one. The inﬂuence of the residual stress in the coating on the in-
sert performance is not relevant, since the coatingwas rapidly removed
at the beginning of the process.
Instead of the worse characteristic demonstrated by the brushed
insert with Κ=2 regarding the adhesion test (ﬂaking of the coating)
in comparison to the ground one, a lower ﬂank wear width is ob-
served. Thereby, it can be stated that the adhesion test cannot be
used as a reference to predict tool life. While in the adhesion test
the load is vertically and quasi-statically applied, in turning a com-
plex stress state (shear stresses as a result of friction and cutting
play an important role) and a variable load due to the chip formation
cycle occurs.rushed and ground coated cemented tungsten carbide inserts.
Fig. 12. Flank wear land after hard turning with ground and brushed coated cemented tungsten carbide inserts.
454 B. Denkena et al. / Surface & Coatings Technology 254 (2014) 447–4544. Conclusions
From the obtained results, the following conclusions can be drawn:
– Blunter micro-geometries are produced by grinding in comparison
to brushing. This leads to slightly higher cutting forces by applying
ground inserts in hard turning.
– Coating adhesion is dependent on the surface roughness of the pre-
pared inserts and on the difference between residual stresses in the
coating and in the substrate near the interface. According to the ad-
hesion tests, a better behavior was obtained by ground inserts.
– Higher compressive residual stresses are obtained after brushing in
comparison to grinding. The rise of the feed rate in the brushing pro-
cess increases the mechanical load and contributes to even higher
compressive residual stresses in the substrate surface.
– In order to compensate compressive stresses in the coating, a reduc-
tion of the compressive stresses in the substrate occurs after the coat-
ing process. However, this is only veriﬁed for the brushed inserts.
– Higher forces are observed for cutting inserts with form factor Κ= 1
because of the blunter edge and consequent larger stagnation area in
comparison with the micro-geometry with Κ = 2. Slightly lower
forces are measured when the brushed inserts are used as a result of
their higher sharpness in comparison to the ground inserts. The
same tendency observed for the turning forces is followed by thema-
chined surface roughness.
– Higher compressive residual stresses on the substrate after coating
contribute to the decrease of tool wear, since the rupture of the insert
material is hindered.
– Since the coating is rapidly removed, the properties of the substrate
have a great inﬂuence on insert performance.
– Adhesion tests cannot be used as a reference to predict tool life, since
the load characteristics in this test differ from the load applied on the
tool during turning.
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